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Abstract 
Chalcogenide system of antimony (Sb)-selenium (Se)-zinc (Zn) system is a promising 
semiconductor for phase change memory devices due to its thermal stability and low power 
consumption. The study investigated the effect of film thickness and zinc content on the optical 
properties of thermally evaporated Sb10Se90-xZnx (x = 0, 5, 10 & 15 at. %) thin films. It was found 
that transmittance (T~ 85-40%) and optical band gap energy (Eopt ~ 1.60 eV – 1.22 eV) decreased 
but absorption coefficient (α~0.840–2.031 104 cm–1) increased with increase in zinc content. 
Furthermore, as the film thickness increased from 53  5 nm to 286  10 nm, transmittance 
decreased but band gap energy increased due to zinc defects and localized states in the Sb10Se90-
xZnx system.  
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Introduction 
Amorphous selenium (a-Se) semiconductor 
is an attractive chalcogenide material. 
However, pure a-Se experiences unusual 
ageing behaviour, unexpected thermal 
instabilities and deformed chain 
conformations (Nasir et al. 2011, Abdel-
Rahim et al. 2015). This can be eliminated 
through doping with other elements like 
tellurium (Te), copper (Cu), arsenic (As), 
zinc (Zn), bismuth (Bi) and antimony (Sb) 
(Muiva et al. 2012, Sharma et al. 2013, 
Sharma et al. 2014, Mulama et al. 2015). 
Structural dynamics in these types of glasses 
is important in understanding their transport 
mechanisms. Doping Se-based chalcogenide 
systems with Zn leads to improved material 
strength by cross-linking Se-glassy matrix 
(Abdel-Rahim et al. 2015). The elements 
such as Sb cause the structural disorders 
which may tune the optical and electrical 
properties of a ternary Sb-Se-Zn material, 
useful in phase change memory technology 
(Nasir and Zulfequar 2012, Nidhi et al. 
2013). Adding Zn to the Sb-Se binary 
system may transform it into a 
nonstoichiometric material and this greatly 
increases the compositional range over 
which rapid crystallization can be achieved.    
 
Despite several studies done on glasses of 
Sb-Se system, its properties on a micro-scale 
with respect to effects of the preparation 
conditions on the optical properties have not 
been fully investigated (Nidhi et al. 2013, 
Mulama et al. 2014, Kolobov et al. 2015). A 
comprehensive investigation of the effect of 
processing pathways such as composition, 
film thickness, and substrate characteristics 
on the optical and structural properties of 
Sb-Se-Zn thin films is lacking. The aim of 
this study was to find out the effects of Zn 
impurities and film thickness on the 
optimization of optical characteristics of Se-
Sb systems for reliability and scalability. 
These findings will permit identifying the 
best optimized properties of Sb-Se-Zn thin 
films.  




Materials and Methods 
The bulk glass samples of Sb10Se90-xZnx (x = 
0, 5, 10 and 15 at. %) were synthesized 
using melt quench technique. Raw materials 
Zn, Sb and Se (99.999% 5 N pure) were 
used.  Quartz glass ampoules (outer diameter 
of 1.0 cm and inner diameter of 0.8 cm) 
were cleaned in acetone, methanol and 
followed by rinsing in deionised water. The 
individual elements were weighed according 
to their atomic weight percentages followed 
by sealing of the mixtures in evacuated 
quartz ampoules. The sealed quartz 
ampoules were transferred to a rotary 
electric furnace and heated gradually at a 
heating rate of 4 °C per minute to prevent 
explosion, oxidation and hydrolysis in the 
sealed ampoules (Mulama et al. 2015). For 
the case of Sb-Se-Zn under investigation, the 
temperature of the furnace was raised to 300 
°C, 500 °C and 800 °C so that Se (Tm = 221 
°C), Zn (Tm = 420 °C), Sb (Tm = 631 °C) 
diffused into the rest of the constituents 
(Nidhi et al. 2013). The ampoules were 
maintained at 800 °C with rocking for 24 
hours to make the melt homogeneous. The 
quenching (at 800 °C) was done in ice-
cooled water to ensure a continuous 
homogeneous mixture. The ampoules were 
broken to obtain the solid alloy that was 
crushed to fine powder with a pestle and 
mortar for thermal evaporation. 
 
Measured thicknesses of the deposited films 
on a quartz crystal digital thickness monitor 
(Model DTM-101) were 53  5 nm, 108  6 
nm, 210  8 nm and 286  10 nm. The 
substrate temperature was maintained at 50 
°C. Thin films were kept in the deposition 
chamber for 24 hours to attain 
thermodynamic equilibrium. The amorphous 
nature of the deposited films was verified by 
X-Ray Diffraction machine (Phillips 
PW3710, UK). Transmittance and 
reflectance were measured on a 
SolidSpec.3700 DUV, spectrophotometer 
(SolidSpec.3700 DUV, Kyoto-Japan). The 
optical transmission spectra wavelength 
range was 200-2500 nm. 
The refractive index was determined from 
Equation (1) (Swanepoel 1983). 
 
 22 snNNn 
     
(1) 
Where
    212 2  smMmMs nTTTTnN ;  
TM, Tm, are the maximum and minimum 
transmittance envelope functions, 
respectively, while ns is the substrate 
refractive index. The expressions for real 
and imaginary parts of dielectric constant 
are given by  
     
       (2) 
        (3) 
where ε1, ε2 are the real and imaginary parts 
of the dielectric constant,   is the extinction 
coefficient (Goswami 2005, Ohring 2001). 
The band gap energy was calculated from 
Equation (4) (Born and Wolf 1999); 
 2
optEhh     
(4) 
where  k4  is the absorption 
coefficient, λ is the wavelength, δ is a 
constant, hν is the photon energy, and Eopt is 
the optical band gap energy. 
 
Results and Discussion 
Structural characterization 
Figure 1 gives the X-ray diffraction patterns 
for 53 nm Sb10Se90-xZnx (x = 0, 5, 10 & 15 
at. %) thin films. No prominent peaks were 
observed, a signature of amorphous system 
(Nidhi et al. 2013, Mulama et al. 2014, 
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Figure 1: X-Ray Diffraction spectra of 53 nm Sb10Se90-xZnx thin films. 
 
Transmittance and reflectance 
Transmittance against wavelength (nm) for 
the 53 nm Sb10Se90-xZnx (x = 0, 5, 10 and 15 
at. %) thin films has been plotted in Figure 
2. Transmittance is almost zero (~0.04%) at 
very low wavelengths (λ ≤ 450 nm) due to 
light absorption in this region (Mulama et al. 
2014, Abdel-Rahim et al. 2015). When zinc 
content increases from          to   
       , the transmission of light in the 
deposited thin films reduces. This is mainly 
due to the effect of zinc introduced in the 
antimony-selenium system as impurity 
which absorbs part of the transmitted light. 
Increase in the film thickness leads to a 
decrease in transmittance in the deposited 
thin films. This is because thick films 
effectively increase the absorption path 
length in thin films (Mansour et al. 2010). 
This is an indication of increase in light 
absorption in the deposited thin films 
(Mulama et al. 2015). In addition, the 
interference fringes increased with increase 
in film thickness. This showed that the films 
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Figure 2: Transmittance against wavelength (nm) for a 53 nm Sb10Se90-xZnx thin films (Inset: 
Transmittance against film thickness (nm) at λ = 650 nm). 
 
Slight increase in reflectance with film 
thickness in the deposited thin films can be 
observed from Figure 3 as a result of 
decreased transmission of light in the 
deposited films with increase in film 
thickness. This may be an indication of less 
transparent films (Chauhan et al. 2013).  
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Figure 3: Reflectance against wavelength (nm) for a 53 nm Sb10Se90-xZnx thin films (Inset: 
Reflectance against film thickness (nm) at λ = 650 nm). 
 
Absorption coefficient 
Remarkable increase in absorption 
coefficient in the Sb10Se90-xZnx (x = 0, 5, 10 
and 15 at. %) thin films was observed with 
increase in film thickness (Figure 4). This 
shows that an increase in film thickness 
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leads to increase in the absorption path 
length in thin films (Aly et al. 2010, Mulama 
et al. 2014, Abdel-Rahim et al. 2015). In 
addition, the absorption coefficient was 
observed to increase with increase in zinc 
content, signaling an affinity to light for the 
Sb10Se90-xZnx thin films. This has been 
observed in previous studies (Nasir et al. 
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Figure 4: Absorption coefficient against photon energy (eV) for the 53 nm Sb10Se90-xZnx thin 
films (Inset: Absorption coefficient against film thickness (nm) at λ = 650 nm). 
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Figure 5: Refractive index against zinc concentration for Sb10Se90-xZnx thin films at different 











It was observed that the refractive index 
increased with increase in zinc concentration 
from     to           (Figure 5) This 
may be due to the strong chemical disorder, 
zinc impurities and polarization in Sb10Se90-
xZnx system (Abdel-Rahim et al. 2015). The 
refractive index generally increased with 
increase in film thickness due to increased 
density of the deposited films as a result of 
zinc addition (Wee 2006).  
 
Real and imaginary parts of dielectric 
constant 
There is observed increase in the real part of 
dielectric constant with increase in zinc 
content in Sb10Se90-xZnx (x = 0, 5, 10 and 15 
at. %) thin films (Figure 6). In addition, the 
values of real part of the dielectric constant 
are greater than those for the imaginary part. 
This is an indication of increased absorption 
coefficient in the deposited thin films as 
already observed (Aly et al. 2010, Nasir and 
Zulfequar 2012).  
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Figure 6: Real part of dielectric constant against zinc concentration for Sb10Se90-xZnx thin films 
at different film thicknesses, λ = 650 nm (Inset: imaginary part of dielectric constant 
against zinc concentration). 
 
Optical band gap energy 
The optical energy band gap (Figure 7) was 
found by extrapolating the curves to the 
energy axis. The optical band gap energy 
was found to decrease with increase in zinc 
content. When zinc was added to antimony-
selenium system, it introduced defect states 
in the amorphous antimony-selenium glass 
structure and this led to reduction in the 
optical band gap energy of the system (Nasir 
et al. 2011). Since the optical band gap 
energy depends on the strength of the kind 
of bonds that exist in the Sb10Se90-xZnx 
system, the decrease in the optical band gap 
energy could be due to decrease in cohesive 
energy of the system (Aly et al. 2010, 
Mulama et al. 2014). Further, the optical 
band gap was observed to vary with film 
thickness. Similar trend has been observed 
by other authors (Mansour et al. 2010, Nidhi 
et al. 2013, Abdel-Rahim et al. 2015).  
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Figure 7:                     against photon energy (eV) for 53 nm Sb10Se90-xZnx thin 
films (Inset: Band gap energy (eV) against zinc content for different thickness (nm) 
at λ = 650 nm). 
 
The band gap energy of the deposited 
Sb10Se90-xZnx thin films varies with film 
thickness due to high density of dislocations 
resulting from zinc impurity in the system. It 
is noted that the optical band gap increased 
with increase in film thickness. This may be 
as a result of zinc defects and localized 
states in the Sb10Se90-xZnx system (Mansour 
et al. 2010). 
 
Conclusion 
The deposited thin films of Sb10Se90-xZnx 
were found to be amorphous as evidenced 
by absence of prominent peaks in the X-Ray 
diffraction patterns and the oscillatory nature 
of transmittance spectra. The optical band 
gap energy increased with increase in film 
thickness from         for 53 nm thin films 
to         for 286 nm thin films. The lowest 
optical band gap energy was observed at the 
highest zinc content i.e.           at 
         for the 53 nm.  The high absorption 
coefficients observed in the range of 0.840 
  104 to 2.031   104 cm–1 the reduced 
transmittance (~40%) and the observed shift 
in the transmittance spectra towards higher 
wavelengths within the visible region with 
increase in film thickness in Sb10Se90-xZnx 
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